Abstract-Ultrasonic guided wave testing method is very effective in safety monitoring of complex structures, such as large-scale tank floor and industrial metal plate. The fundamental shear horizontal (SH) wave mode with the Lorentz force mechanism has the advantage that the propagation velocity does not change with the frequency. However, it is hard to recognize the dispersed ultrasonic signal accurately due to the bidirectional propagation characteristics of the SH guided wave. Therefore, a new transducer structure with a fan-shaped periodic permanent magnet (PPM) and centripetal conductor has been designed to achieve guided wave focusing and signal enhancement. Compared with the traditional transducers, the new-designed transducer has been proved to be more effective in energy focusing on the simulation and experimental verification. For the new structure of the transducer, the aperture angle, focusing radius, and coil rotation angle are studied in detail in this paper. The results show that, as the aperture angle and the coil rotation angle decrease, the signal intensity becomes higher at the focusing position. Moreover, as the focal radius increases, the amplitude of the ultrasonic signals on the focusing side and the divergent side will decrease, while the difference between the two sides will increase exponentially. In the defect detection in this paper, the reflected signal intensity of the new-designed fan-shaped PPM focusing coils electromagnetic acoustic transducer (EMAT) is approximately two times that of the traditional parallel PPM parallel coils EMAT. Therefore, the newly designed EMAT is of great significance for the signal enhancement.
an ultrasonic guided wave is generated and propagates along the extending direction of the waveguide [5] , [6] . Ultrasonic guided wave testing method based on the piezoelectric ultrasonic transducer is commonly used to detect defects of the metal plates, and the ultrasonic waves could be excited by the piezoelectric ultrasonic transducers and the couplant material [7] , [8] . Since such a transducer requires the couplant to transmit the vibration, it is not suitable for the detection in extreme environments such as high temperature and pressure [9] . Electromagnetic acoustic transducers (EMATs) mainly exchange energy by the coupling of the electromagnetic fields, so the couplant is not required, as with a piezoelectric transducer [10] [11] [12] [13] [14] [15] . As one of the commonly used guided wave modes in the detection of metal plates, the Shear Horizontally (SH) polarized guided wave does not produce out-of-plane displacement because of its particular polarization mode. Therefore, it is not affected by the carrier medium on the plate surface, such as the measuring instruments and industrial equipment [16] , [17] . The fundamental Shear Horizontally (SH0) guided wave mode has the advantages of small signal strength attenuation and no modal conversion during the wave propagation [18] . Therefore, the use of a fundamental mode and non-dispersive SH0 mode guided wave is beneficial to improving the intensity of the detection signal and the efficiency and accuracy of the detection process [19] .
Two basic methods to excite the SH guided wave in the metal plate by using the EMAT can be summarized as follows. One is based on the principle of magnetostriction; the other is the Lorentz force. In non-ferromagnetic materials such as aluminum, only the Lorentz force mechanism exists. As for the ferromagnetic materials, these two mechanisms exist simultaneously while the magnetostriction has been proved to be dominant [20] . Since the direction of the applied magnetic field coincides with the current direction of the coils, and they are both parallel to the plate surface. Therefore, the Lorentz forces are not generated inside the steel plate where the dynamic and static magnetic fields exist. Due to the magnetostriction, the surface of the plate generates a reciprocating vibration, and the SH wave propagates along the vertical direction of the vibration direction. As for the EMAT based on the Lorentz force mechanism, periodic permanent magnets (PPM) and parallel coils are utilized to excite SH guided waves in the metal plate; and it can be used for both ferromagnetic and non-ferromagnetic materials. This kind of EMAT has the advantages of small reflection, beam steering, and good environmental adaptability.
The SH guided wave EMAT based on the Lorentz force mechanism commonly has a symmetrical structure so that the generated SH guided wave propagates bidirectionally along both sides of the specimen on the plate [21] . The bidirectional propagation not only leads to the superposition, interference, and attenuation of the waves, which makes it hard to recognize the signal in the noise but also disperses the energy of the signal with a low signal-to-noise ratio [22] . In 1990, Thompson [23] found that the angle of SH emission can be controlled by exciting the unidirectional SH guided wave using the PPM EMAT based on the principle of structural interference and applying current pulses of different excitation frequencies. However, the application of the wideband signal for changing the emission angle affects the strength of the obtained signal, so small defects might be missed when this method is utilized. In 2016, Zhang et al. [24] proposed a direction-controllable SH wave EMAT based on the principle of magnetostriction for the steel plate. A mechanical structure that can be rotated with the coils' selectivity was proposed by Zhang to control the direction in which the SH guided wave is excited. However, the structure of the above EMATs can only select the propagation direction of the SH wave, but it cannot improve the signal strength of the SH guided wave. In 2017, Song and Qiu [25] focused the beam of the SH guided waves on one side by using two EMAT coils and rotated the traditional parallel coils by an angle. This specific transducer structure can focus and increase the signal strength unidirectionally to a certain extent. However, this method uses more than one EMATs, which may generate additional reflection and refraction of the SH waves and requires a certain mechanical structure for the direction adjustment. It can be seen from the above studies that there are still many problems in the detection of SH guided waves on the plate, and the problem of the low energy conversion efficiency of EMAT needs to be solved urgently such as in the defect detection of the industrial tank floor. Although focusing methods for SH guided waves have been investigated before, these methods still need to be improved.
In this paper, Section II introduces the modeling process of this study. Section III presents the characteristics of the newly designed EMAT through simulation, and Section IV reports and analyzes the simulation and experimental measurement results of the proposed EMAT. In the study, a new configuration structure of a fan-shaped PPM focusing coils EMAT is proposed for inspecting the aluminum plates, which can focus the SH wave at one point and increase the signal intensity and reduce the amplitude of the wave on the divergent side. A three-dimensional model is built using COMSOL software with electromagnetic and solid mechanics modes. The distributions of the displacement field at three particular moments are shown and the calculations of the new EMAT and the traditional parallel EMAT are compared. The effects of the aperture angle and the focal radius are investigated through numerical simulation and experimental validation. The effect of different rotation angles of a single coil on the normalized displacement amplitude of the focal point position is also discussed in the paper. The results show that the new-designed EMAT has great advantages in signal focusing and are shown effective in the defect detection for aluminum plates.
II. MODEL DESCRIPTION
In order to characterize the new-designed point-focusing EMAT with PPM, geometric and physical models are utilized to describe the configuration of the structure in detail. The simulation is implemented using Finite Element Method (FEM), and the numerical algorithm of the calculation is also introduced. Moreover, the same model described in different methods is described in the following sections.
A. Geometric Model
To introduce the structure of the new transducer clearly, its geometric diagram is shown in Fig. 1 . Since the effects of the physical variables (such as the aperture angle θ , focal radius r and rotation angle ϕ) on the new transducer need to be discussed, no definite values are specified for these parameters. As shown in the figure, the new transducer consists of a fan-shaped periodic permanent magnet with seven centripetal coils while the center of the coil is defined as the focal point. The propagation direction of the SH guided wave excited by the Lorentz force is pre-determined as it propagates bidirectionally along the surface of the aluminum plate and perpendicular to the vibration direction of the shear waves. Therefore, the focal point of the seven coils in Fig. 1 could also be regarded as the focusing position of the ultrasonic waves. The top view of the transducer's structure is also shown in the figure while the aperture angle θ refers to that between the first coil and the last coil. The focal radius marked in the figure refers to the radius of the concentric coils.
B. Physical Model
Ultrasonic guided wave testing method based on Lorentz force mechanism is widely used as the most important tool for nondestructive testing of an aluminum plate. When the coil is driven by the pulse current, it produces a varying electromagnetic field in the surrounding space. The pulse current is also induced in the aluminum plate near the coils due to the eddy current effect. Since the permanent magnets above the aluminum plate provide a magnetic field perpendicular to the plate surface, a periodic force is generated on the aluminum plate under the effect of the Lorentz force. Due to the periodic effect of the force, the SH waves generate in the aluminum plate eventually and propagate in opposite directions.
The excitation process of the SH wave involves the coupling between two physical fields: electromagnetic field and dynamic elastic field. The electromagnetic field model mainly calculates the distribution of the eddy currents in the aluminum plate. The Maxwell equations can be utilized to describe the physical process.
where A is the magnetic field potential; σ is the conductivity; J s is the source current density. The eddy current can be expressed as
According to the generation mechanism of Lorentz force, the eddy current distribution calculated by the above formula generates periodic force under the effect of the external static magnetic field and dynamic magnetic field.
Lorentz force plays an important role as a coupling variable that connects the two models. As for the second model, the elastic dynamic model can be expressed in a different form as a wave equation.
where u is the displacement vector; t is the time; ρ is the mass density; λ and μ are the Lame's constants of the material, which affects the propagation velocity of the shear and longitudinal waves in an aluminum plate.
C. Numerical Algorithm
The calculation of the model was implemented by using the COMSOL software. When calculating the EMAT based on Lorentz force, skin effect and proximity effect need to be considered. The calculation of static magnetic fields and mechanical fields can be done with the built-in modes of COMSOL Multiphysics. The finite element method was utilized in the calculation as meshing is of great significance in the finite element simulation as it affects the calculation efficiency, accuracy, convergence and the identifiability of the results. Therefore, in order to ensure the calculation accuracy, the mesh size should be small enough to ensure the computational feasibility, and the grid quality should be modified as high as possible. The skin depth below the surface of the aluminum plate should be set to two or more cells, and it should be ensured that there should be more than seven cells in the wavelength of the ultrasonic waves excited inside the aluminum plate. In this paper, the meshing of the calculation area is shown in Fig. 2 , and the grid parameters are shown in Table I .
In the process of model solving, the static bias magnetic field is solved in a steady state, and other fields are solved by the transient method. In order to reduce the numerical oscillation of the solution and improve the smoothness and stability of the calculation, the time step (1 ns), relative tolerance (1×10 −4 ), and absolute tolerance (1×10 −6 ) need to be set properly.
The size of the aluminum plate used in the simulation is 200×100×1 mm 3 , in order to avoid the interference of the reflected SH waves on the upper and lower surfaces of the aluminum plate, the length of the aluminum plate in the y direction is set to 100 mm. In order to achieve coupling space, air domain is added to the model with a size of 200×100×10 mm 3 . For periodic permanent magnets, the intervals D between the adjacent magnets are set to 1.6 mm along the radius direction. It can be explained by the fact that the phase superposition of the SH waves can only be achieved if the distance between the radiant points of the SH waves is equal to a half wavelength.
where shear wave velocity c s =3.2 km/s and f =1 MHz in the paper. Some physical quantities will change during the analysis. If there is no special explanation, the parameters could be set in Table II .
The dispersion relationship of the SH guided wave can be obtained by analyzing the relationship between the phase velocity c p and the shear wave velocity c s .
where f is the drive frequency, d is the thickness of the plate. The phase velocity of the SH0 mode wave does not change with the frequency-thickness product, and the SH0 wave mode has no dispersion. In order to utilize the characteristics of the SH0 mode guided wave, the following formula needs to be satisfied.
In this paper, n should be greater than 0 to avoid the presence of any higher order wave modes. Then the cutoff frequency of the SH1 mode guided wave is 1.6 MHz. Therefore, in order to generate a pure SH0 mode guided wave, the drive frequency of the AC coil is selected as 1 MHz in the simulation and experiment. The excitation current is a burst wave with an amplitude of 2 A. The expression of the excitation burst current for the EMAT coils is
where β is the amplitude of the signal, α is the bandwidth factor, τ is the arrival time, f c is the central frequency, and θ is the phase delay. The value of the parameters above is shown in Table III , and the waveform of the excitation current is shown in Fig. 3 .
III. RESULTS

A. Parallel PPM Parallel Coils Emat
To compare and analyze the signal intensity of the two EMATs with parallel PPM parallel coils (PPPC) and fan-shaped PPM focusing coils (FPFC), a simple traditional parallel coil EMAT will be simulated in this paper. Fig. 4 shows a three-dimensional model by using the electromagnetic field mode of the COMSOL Multiphysics software and the solid mechanic's mode with the linear elastic material.
In the simulation, the spacings of the adjacent coils are set to 5 mm. The current magnitude and the phase of the seven coils are consistent. The spacings between the periodic permanent magnets are maintained at a half wavelength, i.e., 1.6 mm. For the waves propagating along the surface of the aluminum plate, the SH guided waves generated by the adjacent coils will superimpose and interfere at different positions of the plate. It is mentioned above that the propagation velocity of the transverse wave in the plate is 3.2 km/s, and the effective propagation distance along one side of the plate is 100 mm. Therefore, it is known from the calculation that the SH wave will reach the boundary of the plate at about 30 μs. Since the paper mainly focuses on the amplitude variation of the signal along the direction of the guided wave, the unilateral width of the plate is set to 50 mm in order to improve the simulation efficiency. The shear wave reflection generated on both sides of the plate will affect the signal amplitude. Therefore, the calculation time should be less than 19 μs in the simulation considering excitation delay of the burst signal. In this paper, four typical moments of 10 μs, 13 μs, 16 μs, and 19 μs are selected for the displacement analysis of the plate surface. It is shown in Fig. 5(a-d) that the distributions of the displacement field at four different moments demonstrate the traveling characteristics of the SH waves.
As shown in the figures, it can be shown that the SH guided waves propagate bidirectionally along the x-axis and the amplitude decays as the time increases. The SH guided waves generated by the seven coils are superimposed on each other on the surface of the aluminum plate, and the ultrasonic energy is gradually concentrated to the x-axis where the center coil is located. Moreover, because of the symmetrical placement of the coil structure, it can be found that the displacement field distribution on both sides of the transducer is highly uniform so that energy leakage is easily generated when detecting defects in a specific direction on the aluminum plate.
B. Fan-Shaped PPM Focusing Coils Emat
By analyzing the simulation results of the previous section, it can be found that the traditional PPPC EMAT is suitable for the detection of the aluminum plate. However, the bidirectional propagation characteristics of the SH guided wave cause the weakened signal intensity and signal-to-noise ratio. Therefore, the detection of the focusing in a certain direction or a certain point of the aluminum plate is of great significance. The excitation direction of the SH guided wave based on the Lorentz force mechanism is generally consistent with the direction of the coil, and adjusting the spacings of the periodic permanent magnets will change the phase of the focal position. Therefore, it can be assumed that adjusting the direction of the coil will change the propagation direction of the SH guided wave, and adjusting the spacings of the periodic permanent magnets will change the superposition effect of the wave phase. The principle of the half-wavelength superposition of the SH waves is introduced in the previous section, then the spacings of periodic permanent magnets in this paper are set to 1.6 mm (λ/2). However, since the focusing coils are not parallel, the parallel periodic permanent magnets are not suitable for the half-wavelength requirement, so a method of fan-shaped permanent magnets is proposed to ensure the superposition of phases.
Seven coils with an aperture angle of 60 • are utilized in the simulation with a focal radius of 30 mm and a sector-shaped permanent magnet with an aperture angle of 90 • . In order to compare with the PPPC EMAT in the previous section, the simulation time is also set to 20 μs, and the distributions of the displacement field of 10 μs, 13 μs, 16 μs, and 19 μs are extracted for comparison in Fig. 6(a)-(d) . For quantitative analysis, the displacement field distribution along the x-axis on the surface of the aluminum plate is shown in Fig. 7(a) , (b) at 13 μs, which is the focusing moment of the FPFC EMAT. It can be seen from the figure that the SH-guided EMAT using the focusing structure can unidirectionally converge the signal while generating the dispersion of the signal on the other side. As can be shown from the figures, the signal intensity at the focal point position is significantly improved, and the signal amplitude on the other side is reduced. Table IV shows the calculation results of the FPFC EMAT and the boost ratio of this configuration.
The amplitude of the signal on the focus side is 92.86% higher than the amplitude of the signal on the diverging side at the focal point and its symmetrical position, which proves that most of the guided wave energy is indeed focused at a predetermined point. It can be found that the average distance between the focus coils is 5 mm, so the comparative analysis can be performed by setting the spacings of the parallel coils to 5 mm. The simulation results show that the amplitude of the signal intensity at the same position (focal point) between PPPC EMAT and FPFC EMAT is very different at the same time. The focusing coils generate the displacement at the focal point where the boost ratio is 68.75% higher than the displacement produced by the parallel coil. This demonstrates that the new focusing transducer structure can greatly increase the amplitude of the signal at the focal position.
C. Defect Detection by PPPC & FPFC EMATs
The focusing capability of the FPFC EMAT is discussed above with the PPPC EMAT, so it is then necessary to study the defect detection capability for the two EMATs. The artificial cuboid defect with a size of 1×3×0.5 mm 3 is set at the focal point of the new EMAT, as well as the same defect position for the traditional EMAT. The moment (14.5 μs) is selected shortly after the SH guided waves encounter the artificial defect to calculate the simulation result, and the displacement field distributions of the two EMATs are shown in Fig. 8(a), (b) .
It can be seen from the figure that the SH guided wave will refract and reflect when it encounters a defect, and the reflected wave intensity of the FPFC EMAT is significantly higher than that of the PPPC EMAT. To study the detection capabilities of different transducers in the presence of defects in detail, the position (10 mm, 0 mm) on the plate surface is selected in Fig. 9(a), (b) to show the displacement variation of this point as the time increases. The first pulse in the figure is generated by the SH guided waves, while the second one is generated by the reflected waves. It can be obtained from Fig. 9(a) that the reflected signal is weaker than the first one, which can be explained by the reason that the intensity of ultrasound will be weakened with the increase of the propagation distance and the reflection. However, for the signal of the new FPFC EMAT in Fig. 9(b) , the reflected signal is shown has the same amplitude as the initial signal. Moreover, the reflected signal intensity of the FPFC EMAT is much higher (nearly two times) than that of the PPPC EMAT, which proves the high focusing capability of the new EMAT. 
IV. DISCUSSIONS
As the propagation distance increases, the amplitude of the SH wave is attenuated, and the propagation direction also has a specific attenuation. Therefore, the design of the coil structure of the focusing transducer is very significant. Due to the phase superposition effect of the half wavelength, the pitch of the periodic permanent magnet has been determined to 1.6 mm as discussed above. Therefore, the influence of the focal radius and the aperture angle on the focusing effect also needs to be studied while the other parameters remain unchanged. As the increase in coil winding number and the increase in the excitation current will inevitably lead to an increase in the displacement of the focal point, both of the above factors will be fixed in the simulation and experiment to ensure the comparability of the results. Fig. 10 shows the FPFC EMAT with five different aperture angles and four focal radii. It can be seen from the figure that as the aperture angle of the coil increases, the amplitude of the normalized signal of the focus point decreases linearly. Furthermore, the larger the aperture angle is, the lower the waveform superposition effect at the focus point is while the number of turns of the coil is fixed. Since the surface of the aluminum plate can be regarded as an approximate two-dimensional vibration field, under the influence of two vibration sources with the same phase and the same amplitude but at different positions, the main influencing factor of the superposition effect is the polarization direction of the SH wave. An increase in the angle of polarization of the two causes a decrease in signal intensity.
It can be seen from the figure that as the focal radius increases, the slope of the linear relationship of the normalized amplitude-aperture angle magnitude will decrease. Therefore, an increase in the focus radius leads to a significant decrease in the effect of the aperture angle. When the length of the focus radius is relatively small, the effect of the aperture angle on the normalized amplitude is more significant. Since the increase in the focus radius causes the attenuation of the signal amplitude, the distance of the focus point will cause an approximately exponential decay of the normalized amplitude under the same aperture angle. Therefore, from the results and analysis above, it is known that in the design process of the FPFC EMAT, the focus radius and the aperture angle should not be large. When the number of the coil windings can be changed, a larger aperture angle will certainly bring more coils and higher signal intensity, so it is necessary to focus on the focal radius during the design process of the new EMATs.
To study the effect of the focal radius on the focusing capability of the new FPFC EMAT, four focal radii 20 mm, 30 mm, 40 mm and 50 mm are selected in the simulation. In the selection of the simulation time, the time when the peak value of the SH guided wave reaches the focal point is equivalent to the time summation: the shear wave propagation and the excitation delay of the burst signal. Therefore, the focusing moments of the different focal radii are 10.35 μs, 13.55 μs, 16.75 μs, and 19.95 μs. The displacement field distributions under the above conditions are shown in Fig. 11(a)-(d) . It can be seen from the figures that the SH guided waves always focus on the focal point regardless of the focal radius, and the amplitude of the displacement on the focusing side is much larger than that on the divergent side. To study the focusing capability of the transducers with different focal radii, Fig. 12 shows the y-direction displacement distribution along the x-axis at different focal radii and focusing moments. Moreover, the differences between the focusing side and the divergent side at different focal radii are shown in Fig. 13 , as well as the maximum y-direction displacements at these moments. These figures show that as the focal radii increase, although the amplitude of the signal on the focusing side decreases, the amplitude of the signal on the divergent side decreases faster. Also, in the range of the simulated focal radius, the difference between the two sides increases exponentially as the focal radius increases, and the weak divergent side signal will improve the signal-to-noise ratio of the signal received by the receiving transducer. Therefore, a reasonable selection of the focal radius is important for achieving higher signal intensity and signal-to-noise ratio simultaneously.
The new focusing EMAT is developed and discussed above using finite element simulation method. An experiment platform corresponding to the simulation conditions has been built and the configuration of the experimental setup is shown in Fig. 14. The material of the specimen is aluminum, and the size is 200×100×1 mm 3 in the experiment. The coils are excited by a burst current with an amplitude of 2 A and bandwidth factor of 5×10 11 , which can be controlled by the RPR-4000 power and the programming method. Pulsed power (RPR 4000) for generating and receiving signals are utilized in the experimental research. The power not only produces strong and stable sinusoidal high-frequency pulses but also identifies and receives the desired signals over a broad frequency band. The oscilloscope (TDS 1002) is utilized to display the waveform acquired by the RPR-4000 with the bandwidth of 60 MHz and the sampling rate of 1 Gs/s. The structures of the transmitter and the receiver are the same, and the experimental conditions are consistent with the simulation conditions. Moreover, the focal positions of the transmitter and receiver are identical when measuring the signal intensity at the focal point. As for the defect detection, Fig. 13 .
The maximum y-direction displacements, and the differences between the focusing side and the divergent side at different focal radii.
the arrangement of the transmitter and the receiver are placed at a certain position, which is shown in Fig. 14 . The receiver is 20 mm away from the transmitter. The measured signals of traditional PPPC EMAT and new FPFC EMAT are shown in Fig. 15(a), (b) , and the signals based on the FEM models are also shown in Fig. 15 . Due to the low energy conversion efficiency of EMAT, high-power pulse current excitation is required. Therefore, in order to obtain the maximum output power of the excitation source, it is required to match the impedance of the load with the internal impedance of the excitation source, then 150 ohms matching impedance are utilized in the experiment to improve the accuracy and the efficiency of the EMAT. EMATs for receiving and transmitting signals are new-designed FPFC EMATs. The EMAT's focal positions (focal radii) are set to different values under the same conditions, and the experimental results are compared with the simulation results (Fig. 16) .
It can be seen from the figure that the simulation results are in good agreement with the experimental results. In order to avoid the interference of the reflected wave on the signal during the simulation, the total simulation time is set at the moment (20 μs) when the SH wave just reaches the boundary position. In the experiment, the influence of the reflected wave cannot be ignored, so the results between the simulation and experiment are shown with a small difference. According to the experimental results, similar conclusions can be obtained and it is proved that an increase in the focal radius results in a decrease in the signal intensity at the focal point position.
In the practical application of the focusing transducer, the accuracy error caused by the manufacturing process may lead to the asymmetry of the coil winding. The problem with the EMAT proposed in this paper is embodied by the eccentricity and rotation of the radial concentric coils. The asymmetry of the typical coils is mainly reflected in the direction deviation of a certain coil of the EMAT. Therefore, it is necessary to study the rotation angle of a coil in the focusing transducer. In this paper, the rotation angle of the coil is defined as: The center of the coil is the rotation center, and the angle formed by the radial direction deviating from the focal point is the direction of rotation. Fig. 17 shows the definition of the rotation angle ϕ and the setting of the simulation geometry model, the seven-coil structure is also utilized in the simulation while the upper coil has a rotation angle. The effect of different rotation angles of a single coil on the normalized displacement amplitude of the focal point through simulation. Fig. 18 shows the effect of different rotation angles of a single coil on the normalized amplitude of the displacement of the focal point position through simulation. It can be seen from the figure that as the rotation angle ϕof the coil increases, the normalized displacement amplitude of the focal point decreases parabolically. If ϕ ≥30 • , the contribution of the rotating coil to the signal focusing intensity of the entire transducer can be neglected. When the rotation angle of the coil reaches about 10 • , the contribution of the coil to the focusing ability has been halved. Therefore, the rotation of the coils will greatly affect the focusing characteristics of the new-designed focusing EMAT, even with only a few degrees of the angular difference.
V. CONCLUSIONS
A new-designed fan-shaped PPM focusing coils EMAT has been carried out to focus the SH waves at a certain point utilizing a numerical simulation method with experimental validation. The reflected signal intensity of the FPFC EMAT is much higher (nearly two times) than that of the traditional PPPC EMAT. Therefore, the new-designed FPFC EMAT have a great advantage in defect detection. The results show that the signal intensity on the focusing side of the focusing EMAT is 92.86% higher than that on the divergent side. Moreover, the signal intensity at the focal point of the traditional EMAT is increased by 68.75%, which proves that most of the guided wave energy is indeed focused at a certain point.
As for the other factors, the influence of the aperture angle and focal radius on the EMAT focusing ability are also investigated in the study. According to the simulation calculation and the experimental verification, the conclusions can be drawn as follows. As the aperture angle of the coil increases, the amplitude of the normalized ultrasonic signal of the focal point decreases linearly. Furthermore, as the focal radius increases, although the amplitude of the signal on the focusing side decreases, the amplitude of the signal on the divergent side decreases faster. Also, the difference between the two sides increases exponentially as radius increases, and the slope of the linear relationship of the "normalized amplitude -aperture angle magnitude" will decrease. The asymmetrical rotation angle of the coil is also studied in this paper that the normalized displacement amplitude of the focal decreases parabolically as the rotation angle ϕ of the coil increases.
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